There are limited reports about the impacts of long-term irrigated and non-irrigated cropping and 21 land-use systems (CLUS) on soil properties and nutrient stocks under smallholder farmers' 22 conditions in developing countries. The objective of this research was to examine variation in 23 soil properties and OC and TN stocks across the different CLUS in Dura sub-catchment, 24 northern Ethiopia. Surveys and discussions on field history were used to identify nine CLUS, 25 namely, tef (Eragrostis tef (Zucc) Trot)) mono-cropping (TM), maize (Zea mays L.) mono-26 cropping (MM), cauliflower (Brassica oleracea var. botrytis)-maize intercropping (IC1), red 27 beet (Beta Vulgaris)-maize intercropping (IC2), cauliflower-tef-maize rotation (R1), onion 28 (Allium cepa L.)-maize-onion rotation (R2), treated gully (TG), untreated gully (UTG), and 29 natural forest system (NF). A total of 27 composite soil samples were collected randomly from 30 the CLUS for laboratory analysis. Data were subjected to one-way analysis of variance and PCA. 31 The lowest and highest bulk density was determined from NF (1.19 Mg m -3 ) and UTG (1.77 Mg 32 m -3 ), respectively. Soil pH, EC and CEC varied significantly among the CLUS. The highest CEC 33 (50.3 cmol c kg -1 ) was under TG followed by NF. The highest soil OC stock (113.6 Mg C ha −1 ) 34 and TN stock (12.2 Mg C ha −1 ) were found from NF. The PCA chosen soil properties explained 35
Introduction 51
Soil quality is becoming an important resource to raise crop productivity so that to meet the food 52 required for the current and future population in developing countries as their economy mainly 53 depends on agriculture [1] [2] [3] [4] [5] [6] . Soil quality is defined as the capacity of the soil to give the 9 237 organic carbon (OC) by the Walkley-Black method [51] , available phosphorus (Pav) by Olsen 238 method [52] , and total nitrogen (TN) by Kjeldhal digestion method followed by distillation and 239 titration [53] . Cation exchange capacity (CEC) was determined by ammonium acetate extraction 240 buffered at pH 7 using flame photometer [54] . 241 Exchangeable bases (Ca 2+ , Mg 2+ , K + and Na + ) were analyzed after extracted in a 1:10 242 soil/solution ratio using 1M ammonium acetate at pH 7.0. Readings for Ca 2+ and Mg 2+ in the 243 extracts were analyzed using atomic absorption spectrophotometer whereas Na + and K + were 244 determined by flame photometry [55] . Soil structural stability index is estimated [56, 57] Where, SSSI (%) is soil structural stability index, SOC is soil organic carbon, and clay + silt 251 is combined clay and silt content. SSSI < 5% indicates structurally degraded soil; 5% < SSSI < 252 7% indicates high risk of soil structural degradation; 7% < SSSI < 9 % indicates low risk of soil 253 structural degradation; and SSSI > 9% indicates sufficient SOC to maintain the structural 254 stability. A higher the SSI value, a better would be in maintaining soil structural degradation. 255 Base saturation percentage was calculated by divided the sum of base forming cations (Ca 2+ , 256 Mg 2+ , K + and Na + ) by CEC and then multiplied by 100%. Exchangeable sodium percentage 257 (ESP) was calculated by divided exchangeable Na + by CEC. The ESP threshold of 15% was used 258 to classify sodium hazard, that is, sodic soils are those with ESP of more than 15%. Sodium 259 adsorption ratio (SAR) was calculated [58] [59] [60] as:
Where, SAR is sodium adsorption ratio in (cmol kg -1 ) 0.5 ; and Na + , Mg 2+ and Ca 2+ are 263 exchangeable sodium, magnesium and calcium, respectively, in cmol c kg -1 . SAR < 12 indicate 264 non sodicity and values >12 indicate sodic soils [58] . 10 
265
The relationship between soil OC and TN as represented by the ratio of OC to TN was 266 derived as an indicator of soil quality status. The OC: TN is a sensitive indicator of soil quality 267 when assesses soil carbon and nitrogen nutrient balance. It is used as a sign of soil nitrogen 268 mineralization capacity [61, 62] . A high OC: TN indicates the slowdown decomposition rate of 269 organic matter by limiting soil microbial activity. On the other hand, low ratio of OC: TN could 270 show the accelerated process of microbial decomposition on organic matter and nitrogen, in 271 which this is not conducive for carbon sequestration [61] [62] [63] . 272 Soil OC and TN stocks (Mg ha -1 ) were calculated using the model developed by Ellert Business Machines Company, Chicago, USA. One-way analysis of variance was carried out to 287 test the mean differences of the soil properties among the nine cropping and land-use systems.
288
Data were tested for the assumption of normal distribution. Means were separated using Least 289 Significant Differences at probability level (P) ≤ 0·05. Data were also subjected to descriptive, 290 correlation (r) and factor analysis.
291
Correlations among the soil properties were checked by Pearson product moment correlation 292 test (two-tailed) at P ≤ 0·05 in order to assess the effect of multi-collinearity. The principal 293 component analysis (PCA) was also used to extract factor components and reduce variable 294 redundancy. The PCA was thus used to examine the relationship among the 22 soil properties by 11 295 statistically grouped into five principal components (PCs) using the Varimax rotation procedure.
296
The five PCs with eigenvalues > 1 that explained at least 5% of the variation of the soil 297 properties response to the cropping and land-use systems were considered. Varimax rotation with 298 Kaiser Normalization resulted in a factor pattern that highly loads into one factor [65] . If the 299 highly weighted variables within PC correlated at the correlation (r) value < 0.60, all variables 300 were retained in the PC. Among the well-correlated variables (r  0.60) within PC, a variable 301 with the highest partial correlation coefficient and factor loading was retained in the component 302 factor. Note that only variables with factor loadings > 0.7 were retained in the PC. If the loading 303 coefficient of a variable was > 0.7 in more than one component, it was suggested to select from 304 the component holding with the highest coefficient for that variable [66] . Communalities that 305 estimate the portion of variance of each soil parameter in the component factor was also 306 considered while selected a variable to be retained in the PC. A higher communality for a soil 307 parameter indicates a higher proportion of the variance is explained the component factor by the Research Ethics Review Committee of Aksum University, Ethiopia to conduct this study. Full 314 right was given to the study participants to refuse and withdraw from participation at any time.
315
Confidentiality of respondents was preserved by the researchers during data collection of soil 316 samples and soil and crop management history. It was also noted that the research has no any 317 activities that directly related to human being as it is directly related to the physical environment. The soil physical properties significantly varied among most cropping and land-use systems 323 (CLUS) in Dura sub-catchment, northern Ethiopia. There were significant differences in clay, 324 silt, sand, bulk density, porosity, soil structural stability index, and A-horizon among most of the 325 CLUS ( Table 3 ). The soil clay contents of the CLUS varied significantly between 26 to 74%, 326 with the lowest and the highest values observed from TM and R2, respectively. This could 327 influence the other textural classes and physical and chemical soil properties.
328
The lowest silt (22.7%) and sand (3.7%) contents were observed from R2 whereas the highest 329 silt (43%) from NF and sand (39.0%) from TM were observed. The highest sand content in the 330 TM may be associated with repeated cultivation using inorganic fertilizer for long-time in which 331 such practices aggravate erosion that erode fine soil particles and leaves coarser particles (Brady 332 and Weil, 2002) . The mean clay (44.2%), silt (33.2%) and sand (22.6%) contents of all the 333 CLUS indicated that the sub-catchment soil has dominated by clay followed by silt texture soil.
334
Fields with higher clay content such as R2 are considered by local farmers as difficult for 335 workability and so susceptible to the problem of water logging in which this is in agreement with 
337
On the other hand, there were non-significant differences in soil sand contents among some 338 of the CLUS, e.g., between TM and UTG, IC1 and IC2, R1 and TG (Table 3 ). This could be 339 attributed to the fact that sand texture is soil property that does influence little by some of the non-significant differences in DBD between IC1 and IC2, and R1 and R2. Generally, DBD was 354 found to be higher in mono-cropping than intercropping and rotation cropping systems; and in 355 intercropping than crop rotation fields (Table 3) considered in this study showed DBD values higher than the critical level in which this implies 361 the need for adopting appropriate practices that improve soil bulk density.
362
Total porosity, SSSI and A-horizon values were significantly varied among the CLUS, with 363 the highest of these parameters recorded from NF and the lowest from UTG (Table 3 ). The trend 364 of these parameters is similar to that of DBD but in the opposite direction. The variation in total 365 porosity, SSSI and A-horizon among the different CLUS could be attributed to the differences in 366 soil organic matter (SOM) contents. In fact, land-use systems such as NF, TG and MM which 367 have received higher OM sources can improve the quality of soil properties. Soils with a good 368 physical quality have a stable structure which resist for the effects of erosion [73, 74] . The risk of 369 soil structural degradation associated with SOC depletion was found to be higher in UTG 370 followed by TM even though R1, R2, IC1, IC2 and MM are also showed structurally degraded 371 soil with SSSI < 5%.
372
Consistent with the present finding, substantial reports have shown that degraded soil that 373 receives higher SOM can improve soil porosity, soil structure and depth of A-horizon. Improving 
Effects on soil pH and electrical conductivity 388
There were statistically significant differences in soil chemical properties among most 389 cropping and land-use systems (CLUS) in the study sub-catchment (Table 4 ). The soil pH varied effects of long-term irrigation and soil management practices. There was also non-significant 392 differences in soil pH among some of the CLUS (e.g., between MM and NF; and among IC1, 393 IC2, and TG). The mean soil pH (7.68) of all the CLUS indicates that the study catchment soil is 394 categorized as moderately alkaline in reference to the classification for African soils reported by 395 Landon [80] . Generally, the CLUS in the catchment showed soil pH values within the critical 396 levels (6.5-8.5) reported in literature (e.g., Sanchez et al. [81] ; Tesfahunegn et al. [82] , which 397 indicates that soil pH is not a key problem to monitor effects of the different cropping and land-398 use systems on soil quality indicators.
399
The highest soil EC was recorded from irrigated fields of IC2 (0.510 ds m -1 ) followed by R2 400 (0.390 ds m -1 ) whereas the lowest was found from rain-fed field of TM (0.057 ds m -1 ). However, 401 there were non-significant differences in EC among many of the CLUS (e.g., MM, IC1, R1, R2, 402 TG, UTG and NF) ( Table 4 ). According to Landon [80] , soil EC determined from the different 403 CLUS is categorized as non-saline even though EC was found to be higher in the irrigation fields 413 The highest CEC (50.3 cmol c kg -1 ) and Ex K (1.43 cmol c kg -1 ) were found from TG followed by 414 NF (CEC = 49.8 cmol c kg -1 , Ex K =1.39 cmol c kg -1 ) whereas the lowest CEC (11.4 cmol c kg -1 ) 415 and Ex K (0.204 cmol c kg -1 ) were recorded from UTG. The significantly higher Ex Ca (25.5 488 TN from MM was significantly higher than that of IC1, IC2, R1 and R2 ( 
Effects on cation exchange capacity and base forming cations

Effects on OC to TN ratio 501
The highest OC: TN was recorded from TG (13.7) followed by NF (12.9) and UTG (12.2) ( Table   502 4), which could be associated with low oxidation (decomposition) rate of organic sources as 503 compared to the inputs available in the study sub-catchment. Meaning, there were no soil and 504 agronomic practices that enhanced decomposition of organic sources in these selected land-use 505 systems. In addition, the soil in TG was water saturated almost for more than 8 months of the 506 year, in which this could be slow down the decomposition of organic matter by limiting soil 507 microbial activity [61, 63] . Similarly, long-term effects of irrigation practices can reduce 508 microbial activity and thereby reduces organic matter decomposition which could be the reason 509 for OC: TN to be slightly higher than 10 in the irrigation fields such as IC1, IC2, R1 and R2. The 510 OC: TN of MM (11.4) was found to be higher than that of the fields under irrigation cropping 511 system. The reason could be associated with the application of higher manure to MM field 512 during the cropping season. It is also a fact that manure decomposes slowly during the irrigation 513 cropping season. The lowest OC: TN was reported from TM (9.6), indicating that there is a 514 higher organic matter mineralization. TM was the only CLUS which showed OC: TN below 10 515 (Table 4) , indicating a balance in soil carbon and nitrogen nutrients [61, 92] . 516 An optimum temperature and moisture conditions might be enhanced microbial activities to 517 decompose organic sources in the fields such as TM [63] . However, the selected fields did 518 receive little moisture from rainfall for about 8 months. The conventional tillage practice 519 (cultivation) used in TM could also enhances organic sources to be decompose quickly [92, 93] . the atmosphere and sequestered carbon through maintaining higher soil OC: TN [62, 95, 96] . 526 Hence, CLUS such as TG and NF showed better or conducive conditions for carbon 527 sequestration as organic matter decomposition is slow down by limiting microbial activity as 
Effect on soil organic carbon (OC) and total nitrogen (TN) stocks 535
In the study sub-catchment, soil OC and TN stocks varied significantly among the majority of 536 the cropping and land-use systems at 0-20 cm depth (Table 5 ). The highest stock of OC (113.6 537 Mg C ha −1 ) and TN (12.2 Mg C ha −1 ) were reported from NF. The soil OC stock from NF was 538 slightly lower than that of reported for tropical forests (122 Mg C ha _1 ) by Prentice et al. (2001) 539 in which such differences could be attributed to variability in N-fixing trees, soil factor and 540 climatic conditions. The lowest stocks of soil OC (3.5 Mg C ha −1 ) and TN (0.25 Mg C ha −1 ) were 541 found from UTG ( Table 5 ). The soil OC and TN stocks of TG were significantly higher than the 542 other CLUS, except that of NF. In line with the present results, Lal [25] has reported that soil 543 organic matter (OM) can be greatly enhanced when degraded soils and ecosystems are restored, 544 or converted to a restorative land-use or replanted to perennial vegetation (e.g., TG); and 545 depleted OM in agricultural soils that use conventional tillage (e.g., TM). This could be the 546 reason for OC to be used as an important indicator of both soil productivity and climate change 547 mitigation interventions [25, 38] .
548
The soil OC and TN stocks estimated from MM were showed significantly higher than all the 549 other CLUS, except that of NF and TG. This could be associated with the seasonal application 550 of organic inputs on MM fields. The soil OC and TN stocked in the intercropped fields were 551 higher than that of rotation and TM which might be associated with the relatively effectiveness and TN stocks are drastically reduced in most of the CLUS, with the highest reduction from 566 UTG followed by TM. Losses of OC and TN from the soil system could increase the amount of 567 carbon and nitrogen gasses in the atmosphere at global-scale [38, 99] . The TN stock reduction is 568 slightly higher than the SOC stock across all the CLUS, indicating that understanding the reason 569 for more soil nitrogen depletion should merit further investigation. Generally, the soil OC stock 570 reduced in this study is reported higher than the previous reports from Africa (e.g., Amudson
571
[99]) who reported that cultivation reduces the original OC content by up-to 30%. In the study 572 catchment, such variability could be attributed to the duration and management practices of the 573 CLUS as arable lands have been cultivated for more than 100 years. In addition, increasing soil 574 OC stock is a major challenge in dry areas where vegetation growth is hampered by climatically 
Determinants of soil prosperities variability using PCA
581
The bivariate correlation analysis among many soil properties determined from the CLUS 582 correlated (r) at r > 0.70 which qualitatively described as moderate to extremely strong 583 correlation (data not shown). Such values of r indicate that there are multicollinearity effects 20 584 among the soil properties. The effect of multicollinearity was handled using principal component 585 analysis (PCA) that grouped soil properties into five principal components (PCs) ( Table 6 ). The 586 eigenvalue of PC1, PC2, PC3, PC4 and PC5 are 8.50, 6.48, 2.24, 1.61 and 1.13, respectively. 587 The five PCs that received eigenvalues >1 explain largely the variability of the soil properties List of Tables and Figure   932  933   List of Tables   934   Table 1 . Cropping and land-use systems identified in the Dura sub-catchment, northern Ethiopia. Continuous tef crop has been grown (mono-cropped) for more than 18-years at the same field. Inorganic fertilizer of 100 kg ha -1 DAP and 50 kg ha -1 urea applied in each crop seasons, but recently the application was 100 kg ha -1 of each these fertilizers. Tillage frequency to prepare seed bed ranges between three and six times, depending on field soil conditions and farmers resources availability. The tef fields are located near to the irrigated fields, but far from homesteads. Tef is rain-fed cropping system. Soil and water conservation (SWC) practices observed only at the boarder of the fields. No manure or compost fertilizer applied. Soil samples were collected just after harvested the tef crop.
935
2 Maize (Zea mays L.) mono-cropping (MM)
Continuous maize crop has been grown for more than 30-years at the same field. Fields are located just at homesteads and received about 5 to 8 tones ha -1 of manure each year. Sometimes, 100 kg DAP ha -1 and 50 kg urea ha -1 were applied if organic sources are small or unavailable. Tillage frequency is at most three times. This is rain-fed cropping system, and relatively it has intensive SWC practices. Soil samples were collected just after harvested the maize crop.
3 Cauliflower (Brassica oleracea var. botrytis) with maize intercropping (IC1)
Intercropping of cauliflower with maze was practiced during the irrigation period for a consecutive of four years. Furrow irrigation was used. Maize was planted two weeks after cauliflower. Soil samples were collected at maturity stage of both crops. During the rain-fed season tef intercropped with "Nuhig" (Guizotia abyssinica L.) was used as to rotate the system. Fertilizer rate of 100 kg DAP ha -1 and 50 kg urea ha -1 were applied to all cropping seasons. The land was ploughed three times. SWC practices were found at field boarders. Small rate of manure/compost (1 ton ha -1 ) was applied occasionally just at planting of cauliflower.
4
Red beet (Beta Vulgaris) with maize intercropping (IC2)
Intercropping of red beet with maize was practiced using furrow irrigation for a consecutive of five years. Maize was planted three weeks after red beet. Soil samples were collected at maturity stage of both crops. During the rain-fed season tef intercropped with "Nuhig" (Guizotia abyssinica L.) was used to rotate the system. Fertilizer rate of 100 kg DAP ha -1 and 50 kg urea ha -1 were applied during all cropping seasons. The land was ploughed three times. A small rate of manure/compost (1 ton ha -1 ) was applied occasionally just at planting of red beet.
5
Cauliflower -tefmaize rotation (R1) Irrigated (furrow irrigation) sole cauliflower was first planted. After this crop harvested, rain-fed tef was planted. After tef, irrigated maize was planted and then the rotation was continued to cauliflower followed by maize again for two terms (6 years). Soil samples were taken during the maturity stage of irrigated maize crop at the end of term two. The fertilizer rate applied for all of the crops included 100 kg DAP and 50 kg urea ha -1 .
A small rate of manure/compost (1 ton ha -1 ) was applied occasionally just at planting time of cauliflower and maize.
6 Onion (Allium cepa L.) -maize -onion rotation (R2) Irrigated (furrow irrigation) onion was first planted. After this crop, rain-fed maize was planted as a rotational crop. After maize, irrigated onion was planted again and then continue the rotation to rain-fed maize and back to onion irrigation for two terms (6 years). Soil samples were taken during maturity stage of the irrigated onion at the end of the term two. The fertilizer rate applied to both crops included 100 kg DAP ha -1 and 50 kg urea ha -1 . A small rate of manure/compost (1 ton ha -1 ) was applied occasionally just at planting of irrigated onion.
7
Treated gully (TG) The gully in the irrigation command area was treated using Sesbania (Sesbania sesban) and Leucena (Leuceana leucacephala) legume trees which established 20-years ago. Naturally regenerated grasses have also grown well on the bed and sides of the gully and have used only by cut and carrying system. The gully treatment has entirely dependent on biological SWC. Excess irrigation water from the fields was drained to the treated gully.
8
Untreated gully (UTG) The untreated gully had no improved management practices, e.g., no SWC, no enrichment of tree, shrub and grass species. This land has not been contributed to the local community livelihood for many years. According to local farmers, the estimated age of gully is more than 100 years. 
